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PROCESS FOP TKr o^Frr RATION OF AM 
ETHYLENF flwn q-qt.fftm r pppLyMFB 

BACKGROHWn n^r the TMUPmtt^^, 

1. FIELD OF THE INVENTION 

The invention relates to a process for the 
preparation of an ethylene and a-olefin copolymer with 
an ethylene content of between about 20 and 90 weight % 
at a temperature range of 100-220^0, with a catalyst 

IS r::::::::.""""" - ~- ---^ ^ 

2. DESCRIPTION OF THE RELATED ART 

A process for the preparation of an 
ethylene/a-olefin copoly„,er is known from U.S. Patent 
NO. 5,491,207, in which a cyclopentadiene based 
transition r,etal con,plex (in combination with a co- 
catalyst) is used to prepare ethylene/a-olefin 
copolyn.ers having an ethylene content in the range of 
about 20-90 r,oU. Here and hereinafter the ter. 
"copolymer" means a polymer formed from two types of 
monomeric constituents: ethylene and one or more a- 
olefins. 

A disadvantage of a process according to U.S 
Patent Ho. 5..91,207 is that it is conducted at 
relatively low temperatures (-lo-c to about 100-C) 
Which cause. the process to be less attractive from'an 
economical point of view. There is a need for a process 
to be conducted at higher temperatures. There is also a 

wh,ch does not reguire too high a pressure, otherwise 
he costs for such a hign pressure process could undo 
the advantages of a high temperature process 
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SU^lrtARY OF THE INV^NTTON 



It is therefore, an object of the present 
invention to solve the aforementioned problems 
5 associated with the related art as well as to address 
the need expressed above. In accordance with the 
principles of the present invention, this object is 
obtained by providing a process for the preparation of 
an ethylene/a-olef in copolymer with an ethylene content 
10 of between about 20 and 90 weight %, at higher 

temperatures that range from lOO^C to 220*'C, with a 
catalyst composition comprising a transition metal 
complex and a co-catalyst. 

Another object of the present invention is 
15 the provision of an ethyl ene/a-ol ef in copolymer 

obtained by the means of a polymerization process with 
utilization of the catalyst composition according to 
the invention. 

In the present process, the polymerization of 
20 ethylene and at least one [additional) a-olefin is 

conducted under effective copolymer izat ion conditions 
at a temperature of between lOO^C and 220**C , under the 
influence of the present a catalyst composition. 

The catalyst composition includes at least 
25 one complex comprising a reduced valency transition 
metal (M) selected from groups 4-6 of the Periodic 
Table of Elements, a multidentate monoanionic ligand 
(X), two monoanionic ligands (L), and, optionally, 
additional ligands (K). More specifically, the complc 
30 of the catalyst composition of the present invention 
^re presented by the follow i ngf ormula ( I ) : 



X 
I 
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wherein the symbols have the folloving meanings: 
M a reduced transition metal selected from group 4, 

5 or 6 of the Periodic Table of Elements; 
X a multidentate monoanionic ligand represented by 

the formula: {Ar-K,-}.y (-r^-dr ' J^; 
y a cyclopentadienyl, araido or phosphido 

group (-PR'-), which is bonded to the reduced 
transition metal M; 
R at least one member selected from the group 

consisting of ( i ) a connecting group between the Y 
group and the DR'„ group and (ii) a connecting 
group between the Y group and the Ar group, 
wherein when the ligand X contains more than one R 
group, the R groups can be identical to or 
15 different from each other; 

D an electron-donating hetero atom selected from 

group 15 or 16 of the Periodic Table of Elements; 
R' a substituent selected from the group consisting 
of a hydrogen, hydrocarbon radical and hetero 
atom-containing moiety, except that R' cannot be 
hydrogen when R' is directly bonded to the 
electron-donating hetero atom D, wherein when the 
multidentate monoanionic ligand X contains more 
than one substituent R', the substituents R' can 
25 be identical or different from each other; 

Ar an electron-donating aryl group; 
L a monoanionic ligand bonded to the reduced 

transition metal M, wherein the monoanionic ligand 
L is not a ligand comprising a cyclopentadienyl , 
30 amido (-NR'-), or phosphido (-PR'-) group, and 

vherein-the-monoanionir-i-igands-r"ca^n"'be^"i 
or different from each other; 
K a neutral or anionic ligand bonded to the reduced 
transition metal n. wherein when the transition 
35 metal complex contains more than one ligand K. the 

ligands K can be identical or different from each 
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Other ; 

is the number of K ligands, wherein when the K 
ligand is an anionic ligand m is 0 for W^*, m is 1 
for and m is 2 for w'*, and when K is a 

neutral ligand m increases by on© for each neutral 
K ligandj 

the number of the groups bonded to the 
electron-donating hetero atom D, wherein when D is 
selected from group 15 of the Periodic Table of 
Elements n is 2, and when D is selected from group 
16 of the Periodic Table of Elements n is 1; 
q,s q and s are the number of {"R^-DR'„} groups and 
(Ar-R^-) groups bonded to group y, respectively, 
wherein q + s is an integer not less than 1; and 
15 t the number of R groups connecting each of (i) the 
Y and Ar groups and (ii) the y and DR % groups, 
wherein t is selected independently as 0 or 1. 
It has surprisingly been found that a 
transition metal complex of formula (I) makes it 
possible to prepare et hylene/a-olef in copolymers at 
temperatures between 100°C and 220°C, whereas other 
known catalysts for these types of polymerization do 
not produce copolymers at temperatures above 100°C 
(they are only active at temperatures well below lOO^'C; 
25 U.S. Patent No. 5,491,207 discloses temperatures 
between -10«»C and 100*»C and shows examples with 
temperatures between 35**C and 50*'C). 

The process according to the present 
invention is suitable for the preparation of copolymers 
having an M„ (the number -average molecular weight (as 
"dFtenn i n"e d"'l5y ^SEC- D e^Ex c lu si on • 



20 



30 



Chiomatography/Differential Viscometry combination)), 
of as low as about 100. The temperature at which the 
polymerization is performed is one of the parameters to 
35 control the value of In principle, any ethylene/a- 
olefin copolymer can be made with an M„ between about 



wo 97/42241 



- 5 - 



PCr/NL97/00243 



100 and about 500, 000. 

Copolyniers with a molecular weight M„ 
between about 100 and about 30,000 are preferably 
prepared in a polymerization process at temperatures 
5 between about 135 and about 220«C; copolymers with a 
molecular weight M„ between about 20.000 and about 
100,000 are preferably prepared in a polymerization 
process at a temperature between about 115 and about 
180«C. 

^0 '^^^ copolymers also have an ethylene content 

of between about 20 and about 90 weight The 
copolymers can be amorphous, being products with an 
ethylene content of between about 30 and about 70 
weight %, or can be semicrystalline, being products 

15 with an ethylene content of between about 70 and about 
90 wt S. 

The pressure at which the polymerization is 
conducted is preferably belov about 100 MPa. Pressures 
up to 10 rtPa are in several cases sufficient enough for 

20 a good catalytic activity. CA-A-2 , 11 , 057 discloses a 
process (in comparative experiment 2) for the 
preparation of an ethylene/butene low molecular weight 
copolymer at an extreme high pressure of 1,330 bar to 
cope with the extreme low catalytic activity at normal 

25 pressures. 

Other processes known in the art to produce 
low molecular weight ethylene copolymers either start 
from high molecular weight products which are broken 
down in molecular weight (e.g. by shearing) or by 
using, during the polymerization, an extreme amount of 

thaln -regulators-leTa~hydrogen-or--dieth 

keeping low the molecular weight. In all cases, the 
temperature at which the copolymers are prepared is as 
low as ~10 - 100«C. 

The foregoing and other objects, features, 
and advantages of the present invention will become 
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apparent from the following detailed description and 
claims. 

BRIEF DESCRIPTION OF THE DRAWINGS 
5 The accompanying drawings illustrate the 

present invention. In such drawings: 

FIG. 1 is a schematic view of a cationic 
active site of a trivalent catalyst complex in 
accordance with an embodiment of the present invention; 
10 and 

FIG. 2 is a schematic view of a neutral 
active site of a trivalent catalyst complex of a 
dianionic ligand of a conventional catalyst complex 
according to WO-A-93/19104 . 

15 

DESCRIPTION OF THE PREFERRED EMBODIHENTS 

Various components (groups) of the transition 
metal complex are discussed below in more detail. 

20 (a) The Transition Metal (rt) 

The transition metal in the complex is 
selected from groups 4-6 of the Periodic Table of 
Elements. As referred to herein, all references to the 
Periodic Table of Elements mean the version set forth 

25 in the new lUPAC notation found on the inside of the 
cover of the Handbook of Chemistry and Physics, 70th 
ed'.tion, 1989/1990, the complete disclosure of which is 
incorporated herein by reference. More preferably, the 
transition metal is selected from group 4 of the 

30 Periodic Table of Elements, and most preferably is 

t i fanTunTni T i" )T ^ ~ „ 

The transition metal is present in reduced 
form in the complex, which means that the transition 
metal is in a reduced oxidation state. As referred to 

35 herein, "reduced oxidation state" means an oxidation 
state which is greater than zero but lower than the 



wo 97/4n41 



- 7 - 



PCT/NL97/00243 



highest possibl oxidation state of the metal (for 
example, the reduced oxidation state is at most M^* for 
a transition metal of group 4, at most M** for a 
transition metal of group 5 and at most for a 
5 transition metal of group 6). 

(b) TheX Ligand 

The X ligand is a multidentate monoanionic 
ligand represented by the formula: (Ar-R^-),Y(-R^-DR '„) 

10 

As referred to herein, a multidentate 
monoanionic ligand is bonded with a covalent bond to 
the reduced transition metal (M) at one site {the 
anionic site, Y) and is bonded either (i) with a 
15 coordinate bond to the transition metal at one other 

site (bidentate) or (ii) with a plurality of coordinate 
bonds at several other sites (tridentate. tetradentate, 
etc.). Such coordinate bonding can take place, for 
example, via the D heteroatora or Ar group(s). Examples 
20 of tridentate monoanionic ligands include, without 
limitation, Y-Rt-DR '».i-Rt-DR '« and y(-R-DR'j,. it is 
noted, however, that heteroatom(s > or aryl 
subst itucnt (s) can be present on the Y group without 
coordinately bonding to the reduced transition metal W, 
25 so long as at least one coordinate bond is formed 
between an electron-donating group D or an electron 
donating Ar group and the reduced transition metal M. 

R represents a connecting or bridging group 
between the DR'„ and Y, and/or between the electron- 
30 donating aryl (Ar) group and Y. Since R is optional, 

"t"-can-be-2ero-.— The-R-group^is-discussed-below_in 

paragraph (d) in more detail. 
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(c) The y Group 

The Y group of the mul t identate monoanionic 
ligand (X) is preferably a cyclopentadienyl . amido 
(-NR'-)» or phosphido (-PR'-) group. 
5 Most preferably, the Y group is a 

cyclopentadienyl ligand (Cp group). As referred to 
herein, the term cyclopentadienyl group encompasses 
substituted cyclopentadienyl groups such as indenyl , 
fluorenyl, and benzoindenyl groups, and other 
10 polycyclic aromatics containing at least one 5-member 
dienyl ring, so long as at least one of the 
substituents of the Cp group is an R^-DR/„ group or 
R^-Ar group that replaces one of the hydrogens bonded 
to the five-member ring of the Cp group via an 
15 exocyclic substitution. 

Examples of a multidentate monoanionic ligand 
with a Cp group as the Y group (or ligand) include the 
following (with the (-R,-DR'J or (Ar-R,-) substituent 
on the ring): 



R' R' R' R' 




(II) 



R~DR'„ R-Ar 

30 



The Y group can also be a hetero 

,c y.c 1 Qpe n t a d_ie.ny 1 _g rj)up^ As refer r ed_to^ ^ n , a hetero 

35 cyclopentadienyl group means a hetero ligand derived 
from a cyclopentadienyl group, but in which at least 
one of the atoms defining the five-member ring 
structure of the cyclopentadienyl is replaced with a 
hetero atom via an endocyclic substitution. The hetero 
40 Cp group also includes at least one Rj-DR'^ group or 
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R^'Ar group that replaces one of the hydrogens bond d 
to the five-member ring of the Cp group via an 
exocyclic substitution. As with the Cp group, as 
referred to herein the hetero Cp group encompasses 
indenyl, fluorenyl, and benzoindenyl groups, and other 
polycyclic aromatics containing at least one S-member 
dienyl ring, so long as at least one of the 
substituents of the hetero Cp group is an R^DR '„ group 
or R^-Ar group that replaces one of the hydrogens 
bonded to the five-member ring of the hetero Cp group 
via an exocyclic substitution. 

The hetero atom can be selected from group 
14, 15 or 16 of the Periodic Table of Elements. If 
there is more than one hetero atom present in the five- 
15 member ring, these hetero atoms can be either the same 
or different from each other. More preferably, the 
hetero atom(s) is/are selected from group 15, and still 
more preferably the hetero atom(s) selected is/are 
phosphorus . 

20 . By way of illustration and without 

limitation, representative hetero ligands of the X 
group that can be practiced in accordance with the 
present invention are hetero cyclopentadi enyl groups 
having the following structures, in which the hetero 

25 cyclopentadienyl contains one phosphorus atom (i.e., 
the hetero atom) substituted in the five-member ring: 



30 



35 



40 



^' 1 y-X f R-DR'n R' ^ 



1 



R' (III) 



It is noted that, generally, the transition 
metal group M is bonded to the Cp group via an Y)^ bond. 
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The other R' exocyclic substituents (shown in 
formula (liij, on the ring of the hetero Cp group can 
be of the same type as those present on the Cp group, 
as represented in formula (II). As in formula (ll) at 
least one of the exocyclic substltuents on the five- 
member ring of the hetero cyclopentadienyl group of 
formula (III) is the VDR-„ g.o.p or the R.-Ar group 
The numeration of the substitution sites of 
the indenyl group is in general and in the present 
description based on the lUPAC Nomenclature of Organic 
Chemistry 1979, rule A 21.1. The numeration of the 
substituent sites for indene is shown below. This 
numeration is analogous for an indenyl group: 
Jndea© ^ Jj? 



(IV) 

^ ^3 

I 



20 



25 



30 



35 



The Y group can also be an amido (-NR'-) 
group or a phosphido (-PR'-) group, m these 
alternative embodiments, the Y group contains nitrogen 
(K) or phosphorus (P) and is bonded covalently to the 
transition metal « as well as to the (optional) R group 
of the (-R,-DR'„) or (Ar-R,-) substituent. 

(d) The R Group 

The R group is optional, such that it can be 
absent from the X group. Where the R group is absent 
the DR', or Ar group is bonded directly to the Y group 
(that is. the DR'. or Ar group is bonded directly to 
the Cp, amido, or phosphido group). The presence or 

abse nce of an R group between e ach of the PR', gr.o.ups 

inS'/bt Ar groups is "independent . 

Where at least one of the R groups is 
present, each of the R group constitutes the connecting 
bond between, on the one hand the y group, and on the 
Other hand the DR-. group or the Ar group. The presence 
and size of the R group determines the accessibility of 
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the transition metal M relative to the DR ' or Ar 
group. Which gives the desired intramolecular 
coordination, if the R group (or bridge) is too short 
or absent, the donor may not coordinate well due to 
5 r»ng tension. The R groups are each selected 

independently, and can generally be. for example, a 
hydrocarbon group with 1-20 carbon atoms (e.g 
alkylidene, arylidene. aryl aUyH^ene. etc. ,. 'specific 

10 " '''''' limitation 

10 .ethylene, ethylene, propylene, butylene. pnenylene. 
Whether or not with a substituted side chain 
Preferably, the R group has the following str'ucture: 

15 ' (IV) 

vhere p - i-,. y,, ^^..^^ ^^^^^^^ ^^^^ ^^^^ 

be selected independently, and can be the same as the 
R groups defined below in paragraph (g). 

In addition to carbon, the main chain of the 
R group can also contain silicon „, 

nf . K n slUcon or germanium. Examples 

of such R groups are: diaUyl silylene (-SiR- 
dialkyl germylene (-GeR',-,, tetra-alKyi silyiU 

J^The'^ll'/"'' " silaethylene (-SiR'^CR-,- 

). The aUyl g.oups in such a group preferably have 1-4 
carbon atoms and more preferably are a methyl or ethyl 
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35 



(«) The DR\ Group 

This donor group consists of an electron- 
donating hetero atom D, selected from 

c^wieccea trom qrouD 15 or ia 



aiiu one or more 

substltuents R- bonded to D. The number (n) of R' 
groups is determined by the nature of the hetero atom 
0. xnsofar as n being 2 If o is selected from group 15 
ar>d „ be.ng 1 if 0 is selected from group u. TheR- 
substltuents bonded to D can each be selected 
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independently, and can be the same as the R' groups 
defined below in paragraph (g), with the exception that 
the R' substituent bonded to D cannot be hydrogen. 

The hetero atom D is preferably selected from 
5 the group consisting of nitrogen (N) , oxygen (0), 
phosphorus (P) and sulphur (S); more preferably, the 
hetero atom is nitrogen (N). Preferably, the R' group 
is an alkyl, more preferably an n-alkyl group having i- 
20 carbon atoms, and most preferably an n-alkyl having 
10 1-8 carbon atoms. It- is further possible for two R' 
groups in the DR'„ group to be connected with each 
other to form a ring-shaped structure (so that the DR 
group can be, for example, a pyrrolidinyl group). The " 
DR'„ group can form coordinate bonds vith the 
15 transition metal M. 



20 



(f ) The Ar Group 

The electron-donating group (or donor) 
selected can also be an aryl group (C^R',), such as 
phenyl, tolyl, xylyl, mesityl, cumenyl , tetramethyl 
phenyl, pentamethyl phenyl, a polycyclic group such as 
triphenylmethane, etc. The electron-donating group d of 
formula (I) cannot, however, be a substituted Cp group, 
such as an indenyl, benzoindenyl , or fluorenyl group. 
2^ coordination of this Ar group in relation 

to the transition metal « can vary from t]^ to \)^, 



30 



(g) The R' Group 

The R' groups may each separately be hydrogen 

°r a hydrocarbon radical vith 1-20 carbon atoms (e.g. 

a 1 kyi™aTyl— a ty r "a 1 Icy 1- a^^ 
1). 

Examples of alkyl groups are methyl, ethyl, propyl, 
butyl, hexyl and decyl Examples of aryl groups are 
35 phenyl, mesityl, tolyl and cumenyl . Examples of aryl 
alkyl groups are benzyl, pentamethylbenzyl, xylyl . 
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styryl and trityl. Examples of other R' groups are 
halides, such as chloride, bromide, fluoride and 
iodide, m thoxy, ethoxy and phenoxy. 
Also, two adjacent hydrocarbon radicals of the y group 
5 can be connected with each other to define a ring 
system; therefore the Y group can be an indenyl, a 
fluorenyl or a benzoindenyl group. The indenyl, 
fluorenyl, and/or benzoindenyl can contain one or more 
R' groups as subst i tuents . R' can also be a substituent 
10 which instead of or in addition to carbon and/or 
hydrogen can comprise one or more hetero atoms of 
groups 14-16 of the Periodic Table of Elements. Thus, a 
substituent can be, for example, a Si-containing group, 
such as Si{CH3)3- 

15 

(h) The L Group 

The transition metal complex contains two 
monoanionic ligands L bonded to the transition metal M. 
Examples of the L group ligands, vhich can be identical 

20 or different, include, without limitation, the 

following: a hydrogen atom; a halogen atom; an alkyl, 
aryl or aryl alkyl group; an alkoxy or aryloxy group; a 
group comprising a hetero atom selected from group 15 
or 16 of the Periodic Table of Elements, including, .by 

25 way of example, (i) a sulphur compound, such as 

sulphite, sulphate, thiol, sulphonate, and thioalkyl, 
and (ii) a phosphorus compound, such as phosphite, and 
phosphate. The two L groups can also be connected with 
each other to form a dianionic bidentate ring system. 

30 Those and other ligands can.be tested for 

~ their-suitability~by-means-of-siraple~experiments-'by-on 
skilled in the art. 

Preferably, L is a halide and/or an alkyl or 
aryl group; more preferably, L is a CI group and/or a 
35 Ci-C4 alkyl or a benzyl group. The L group, however, 
cannot be a Cp, amido, or phosphido group. In other 
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vords. L cannot be on of the Y groups. 

(i) The K Ligand 

The K ligand is a neutral or anionic group 
5 bonded to the transition metal M. Th© K group is a 
neutral or anionic ligand bonded to M. When K is a 
neutral ligand K may be absent, but when K is 
roonoanionic, the following holds for K.: 
m = 0 for 
10 m = 1 for W** 
m = 2 for n^* 

On the other hand, neutral K ligands, which 
by definition are not anionic, are not subject to the 
same rule. Therefore, for each neutral K ligand. the 
15 value of m (i.e., the number of total K ligands) is one 
higher than the value stated above for a complex having 
all monoanlonic K ligands. 

The K ligand can be a ligand as described 
above for the L group or a Cp group (-CjR'j), an amide 
group (-NR'j) or a phosphide group (-PR',). The K group 
can also be a neutral ligand such as an ether, an 
amine, a phosphine, a thioether, among others. 

If two K groups are present, the two K groups 
can be connected with each other via an R group to form 
25 a bidentate ring system. 

As can also be seen from formula (I), the X 
group of the complex contains a y group to which are 
linked one or more donor groups (the Ar group(s) and/or 
DR'„ group(6)) via, optionally, an R group. The number 
of donor groups linked to the Y group is at least one 



20 



30 



and at most the number of substitution sites present on 
a Y group. 

With reference, by way of example, to the 
structure according to formula (II), at least one 
35 substitution site on a Cp group is made by an R^-Ar 

group or by an Rt"'^R'« Qro^P (in which case q 4 s = 1). 
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If all the R' groups in formula (II) were R^-Ar groups, 
R,-DR'„ groups, or any combination thereof, the value of 
(q + s) would be 5. 

One preferred embodiment of the catalyst 
5 composition according to the present invention 
comprises a transition metal complex in which a 
bidentate/monoanionic ligand is present and in which 
the reduced transition metal has been selected from 
group 4 of the Periodic Table of Elements and has an 
10 oxidation state of +3. 

In this case, the catalyst composition 
according to the invention comprises a transition metal 
complex represented by formula (V): 



15 



20 



M{III) - Lj. (V) 
I 



where the symbols have the same meaning as described 
above for formula (I) and where M(III) is a transition 
metal selected from group 4 of the Periodic Table of 
Elements and is in oxidation state 3+. 
25 Such a transition metal complex has no 

anionic K ligands (for an anionic K, m = 0 in case of 

It should be pointed out that in WO-A- 
93/19104, transition metal complexes are described in 
30 which a group 4 transition metal in a reduced oxidation 
state (3+) is present. The complexes described in WO-A- 
93/19104 have the general formula: 



35 



Cp.(2Y),ML, (VI) 

The y group in this formula (VI) is a hetero atom, such 
as phosphorus, oxygen, sulfur, or nitrogen bonded 
covalently to the transition metal n (see p. 2 of WO-A- 
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93/19104). This means that the CpjZY)^, group is of a 
dianionic nature, and has the anionic charges residing 
formerly on the Cp and Y groups.. Accordingly, the 
Cp,(Zy)b group of formula (VI) contains two covalent 
5 bonds: the first being between the S-member ring of 
the Cp group and the transition metal hi, and the second 
being between the Y group and the transition metal. By 
contrast, the X group in the complex according to the 
present invention is of a monoanionic nature, such that 
10 a covalent bond is present between the Y group (e.g., 
the Cp group) and transition metal, and a coordinate 
bond can be present between the transition metal M and 
one or more of the (Ar-R^-) and (-R,^-DR'„) groups. This 
changes the nature of the transition metal complex and 
15 consequently the nature of the catalyst that is active 
in the polymerization. As referred to herein, a 
coordinate bond is a bond (e.g., H3N-EH3) which when 
broken, yields either (i) two species without net 
charge and without unpaired electrons (e.g., H^N: and 
20 BHj) or (ii) two species with net charge and with 

unpaired electrons (e.g., H3N * and BH, -). On the other 
hand, as referred to herein, a covalent bond is a bond 
(e.g., CHj-CHj) which when broken yields either (i) two 
species without net charge and with unpaired electrons 
25 (e.g., CH,- and CHj- ) or (ii) two species with net 

charges and without unpaired electrons (e.g., CHj* and 
CHj:*). A discussion of coordinate and covalent bonding 
is set forth in Haaland et al. (Angew. Chem Int. Ed. 
Eng.. Vol. 28, 1989, p. 992), the complete disclosure of 
30 which is incorporated herein by reference. 

The f o^ri^-wiligrexpl^nat'io 

although it is noted that the present invention is in 
no way limited to this theory. 

Referring now more particularly to FIG. 2, 
35 the transition metal complexes described in WO-A- 
93/19104 are ionic after interaction with the co- 



wo 97/4:241 



- 17 - 



PCT/NL97/00243 



catalyst. Houbv r, the transition metal complex 
according to WO-A-93/19104 that is active in the 
polymerization contains an overall neutral charge (on 
the basis of the assumption that the polymerizing 
transition metal complex comprises, a M(iri) transition 
metal, one dianionic. ligand and one growing monoanionic 
polymer chain (POL)). By contrast, as shown in FIG. l, 
the polymerization active transition metal complex of' 
the catalyst composition according to the present 
invention is of a cationic nature (on the basis of the 
assumption that the polymerizing transition metal 
complex - based on the formula (V) structure - 
comprises, a M(lii) transition metal, one monoanionic 
bidentate ligand and one growing monoanionic polymer 
15 chain (POL)). 

Transition metal complexes in which the 
transition metal is in a reduced oxidation state, but 
have- the following structure: 



10 



20 



30 



Cp - M(III) - L, (VII) 



are generally not active in co-polymerization 
reactions. It is precisely the presence, in the 
transition metal complex of the present invention, of 
25 the DR'. or Ar group (the donor), optionally bonded to 
the y group by means of the R group, that gives a 
stable transition metal complex suitable for 
polymerization. . 

Such an intramolecular donor is to be 
preferred over an external (intermolecular) donor on 
account-of-t he-f-ac-t-that- 1 he-f ormer~ahows -a~s t r onger 
and more stable coordination with the transition metal 
complex. 

It will be appreciated that the catalyst 
35 system may also be formed in 8ltu if the components 
thereof are added directly to the polymerization 
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reactor system and a solvent or diluent, including 
liquid monomer, is used in said polymerization reactor. 

The catalyst composition of the pres nt 
invention also contains a co-catalyst. For example, the 
5 co-catalyst can b© an organometallic compound. The 
metal of the organometallic compound can be selected 
from group 1, 2, 12 or 13 of the Periodic Table of 
Elements. Suitable metals include, for example and 
without limitation, sodium, lithium, zinc, magnesium, 
10 and aluminum, with aluminum being preferred. At least 
one hydrocarbon radical is bonded directly to the metal 
to provide a carbon-metal bond. The hydrocarbon group 
used in such compounds preferably . contains 1-30, more 
preferably 1-10 carbon atoms. Examples of suitable 
15 compounds include, without limitation, amyl sodium, 

butyl lithium, diethyl zinc, butyl magnesium chloride, 
and dibutyl magnesium. Preference is given to 
organoaluminium compounds, including, for example and 
without limitation, the following: trialkyl aluminum 
20 compounds, such as triethyl aluminum and tri-isobutyl 
aluminum; alkyl aluminum hydrides, such as di-isobutyl 
aluminum hydride; alkylalkoxy organoaluminium 
compounds; and halogen-containing organoaluminium 
compounds, such as diethyl aluminum chloride, 
25 diisobutyl aluminum chloride, and ethyl aluminum 
sesquichlor ide. Preferably, linear or cyclic 
aluminoxanes are selected as the organoaluminium 
compound. 

In addition or as an alternative to the 
30 organometallic compounds as the co-catalyst, the 

catalyst- compos i-t"i on- of—the-. present.-.j.nvent.i.on_can 

include a compound which contains or yields in a 
reaction with the transition metal complex of the 
present invention a non-coordinating or poorly 
35 coordinating anion. Such compounds have been described 
for instance in EP-A-426, 637, the complete disclosure 
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of vhich is incorporated herein by reference. Such an 
anion is bonded sufficiently unstably such that it is 
replaced by an unsaturated monomer during the co- 
polymerization. Such compounds are also mentioned in 
5 EP-A-277,003 and EP-A-277 , 004 , the complete disclosure 
of vhich are incorporated herein by reference. Such a 
compound preferably contains a triaryl borane or a 
tetraaryl borate or an aluminum equivalent thereof. 
Examples of suitable co-catalyst compounds include, 
10 without limitation, the following: 

dimethyl anilinium tetrakis (pentaf luor ophenyl ) 
borate [CeH5N(CH3)jH]* [BCC.Fj)^'; 
dimethyl anilinium bis (7 , 8-di car baundecabor ate)- 
cobaltate (III); 

t r i (n-butyl )ammonium tetraphenyl borate; 
tr iphenylcarbenium tetrakis (pentaf luorophenyl ) 
borate; 

dimethylanilinium tetraphenyl borate; 
tris(pentaf luorophenyl ) borane; and 
tetrakis (pentaf luorophenyl ) borate. 

If the above-mentioned non-coordinating or 
poorly coordinating anion is used, it is preferable for 
the transition metal complex to be alkylated (that is, 
the L group is an alkyl group). As described for 
instance in EP-A-500, 944 , the complete disclosure of 
which is incorporated herein by reference, the reaction 
product of a halogenated transition metal complex and 
an organoraetallic compound, such as for instance ' 
triethyl aluminum (TEA), can also be used. 

The molar ratio of the co-catalyst relative 

t o ~t he- 1 ra ns i t-i on-me ta-l- -compl Gx-^— i n-ca s e -an 

organometallic compound is selected as the co-catalyst, 
usually is in a range of from about 1:1 to about 
10.000:1, and preferably is In a range of from about 
1:1 to about 2,500:1. If a compound containing or 
yielding a non-coordinating or poorly coordinating 
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anion is selected as co-catalyst, the molar ratio 
usually is in a range of from about 1:100 to about 
1,000:1, and preferably is in a range of from about 1:2 
to about 250:1. 
5 As a person skilled in the art would be 

aware, the transition metal complex as well as the co- 
catalyst can be present in the catalyst composition as 
a single component or as a mixture of several 
components. For instance, a mixture may be desired 
10 where there is a need to influence the molecular 

properties of the polymer, such as molecular weight and 
in particular molecular weight distribution. 

The process according to the invention is 
suitable for the preparation of semi-crystalline or of 
15 amorphous copolymers based on ethylene and an c-olefin. 

Besides the ethylene, the copolymer according 
to the invention comprises one or more a-olefins. In 
general, such an a-olefin contains 3-25 carbon atoms 
(although higher a-olefins are also allowable); more 
20 preferably, the a-olefin contains 3-10 carbon atoms. 
The a-olefin has preferably been selected from the • 
group consisting of propylene, butene, isobutene, 
pentene, 4-methyl pentene, hexene, octene and (a- 
methyl) styrene. More preferably, the a-olefin is 
25 propylene, 1-butene, 1-hexene or 1-octene. Most 
preferred, the a-olefin is propylene. 

As indicated before, the process of the 
present invention enables the preparation of an 
ethylene/Q-olef in copolymer with a broad range of 
30 molecular weights An alternative for products with 
a'"high-molecul-ar--weight—is~the->Gharacter-i 
copolymer by its Mooney viscosity (ML^^^, 125»Cr as per 
ASTM D1646). The process of the present invention is 
able to prepare ethylene/a-olef in copolymers having an 
35 WLi^,, 125*»C of between 10 and 150. 

The catalyst composition in the process 
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according to the invention can be used supported or 
non-supported. The transition metal complex or the co- 
catalyst can be supported on a carri r. It is also 
possible that both the tranisition metal complex and the 
5 co-catalyst are supported on a carrier. The carrier 
material for the transition metal complex and for the 
co-catalyst can be the same material or a different 
material. It is also possible to support the 
transition metal complex and the co-catalyst on the 
10 same carrier. The supported catalyst systems of the 
invention can be prepared as separate compounds, which 
can be used as such in polymerization reactions or the 
supported catalyst systems can be formed in situ by in 
situ methods just before a polymerization reaction 
15 starts. The supported catalysts are used mainly in gas 
phase and slurry processes. The carrier used may be any 
carrier knovn as carrier material for catalysts, for 
instance, finely divided solid porous support, 
including, but not limited to, or MgCl2, Zeolites, 
20 mineral clays, inorganic oxides such as talc, silica 
(SiOj), alumina (AljOj), silica-alumina, inorganic 
hydroxides, phosphates, sulphates, and the like, or 
resinous support materials such as polyolefins, 
including polystyrene, or mixtures thereof. 
25 The carrier may be used as such, or be 

modified, for example by silanes, aluminium alkyls, 
aluminoxanes, and others. The catalyst composition may 
also be prepared by in-situ methods. 

Polymerization can be effected in a known 
30 manner, in the gas phase as well as in a liquid 
r ea c tron ' me d itimT" I n- 1 he ~la 1 1 er-ca s e7*"bo t h~s 0 
suspension polymerization are suitable, while the 
quantity of transition metal to be used generally is 
such that its concentration in the dispersion agent 
35 amounts to 10"' - 10*^ mol/1, preferably 10"' - 10** 
mol/1 . 
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Any liquid that is inert relative to the 
catalyst system can be used as a dispersion agent in 
the polymerization. One or more saturated, straight or 
branched aliphatic hydrocarbons, such as butanes, 
5 pentanes, hexanes. heptanes, pentamethyl heptane or 
mineral oil fractions such as light or regular petrol, 
naphtha, kerosine or gas oil are suitable for that 
purpose. Aromatic hydrocarbons, for instance benzene 
and toluene, can be used, but because of their cost as 
10 well as on account of safety considerations, it will be 
preferred not to use such solvents for production on a 
technical scale. In polymerization processes, on a 
technical scale, it is preferred, therefore, to use as 
a solvent the lov-priced aliphatic hydrocarbons or 
15 mixtures thereof, as marketed by the petrochemical 
industry. If an aliphatic hydrocarbon is used as 
solvent, the solvent may yet contain minor quantities 
of aromatic hydrocarbon, for instance toluene. Thus, if 
for instance methyl aluminoxane (MAO) is used as co- 
20 catalyst, toluene can be used as solvent in order to 
supply the WAO in dissolved form to the polymerization 
reactor. Drying or purification is desirable if such 
solvents are used; this can be done without problems by 
the average person skilled in the art. 
25 If the polymerization is carried out under 

pressure, the yield of polymer can be increased 
additionally, resulting in an even lower catalyst 
residue content. Chain regulators can be used to 
. control the molecular weight and the amount of 
30 un saturation of t he resulting co pol ymer . Prefer eiice is 
given to hydrogen as the chain regulator. 

The polymerization can also be performed in 
several steps, in series as well as in parallel. If 
required, the catalyst composition, temperature, 
35 hydrogen concentration, pressure, residence time, etc. 
may be varied from step to step. In this way it is also 
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10 



possible to obtain products with a wide molecular 
weight distribution. 

Th polymer solution resulting from the 
polymerization can be worked up by a method known per 
se. In general the catalyst is de-activated at some 
point during the processing of the polymer. The de- 
activation is also effected in a manner known per se, 
e.g. by means of water or an alcohol. Removal of the 
catalyst residues can mostly be omitted because the 
quantity of catalyst in the polymer, in particular the 
content of halogen and transition metal is very low at 
this point owing to the use of the catalyst system in 
the process according to the invention. 

The copolymers, prepared according to the 
15 process of the present invention, can be used in 

different applications, like impact modifications, use 
in extrusion coating and wire-and-cable applications. 
These polymers are also useful in the manufacture of 
rubber articles and modified rubber articles. 

The invention will now be elucidated by means 
of the following non-restrictive examples. 

In the following: "Cp" means 
"cyclopentadienyl"; "Me" means "methyl ^• "Bu" means 
"butyl"; "^Pr" means "isopropyl". 



20 



25 



30 



EXAMPLES 

gynthesis of bidentate monocvn n pon tadienvl rnmp i^v^« 
Example I 

Synthesis of (dimethylaminoethyl ) t et ramethyl- 

-cycl ope n ta d i eny-Lt-i-ta n-i urn d i c hi o ride - ■ 

(CpMe4(CHj),NKejTiCl,). 



a) Preparation of 4-hvdrQxy-4 -f dimet hY l;.T nino.ethyl )- 
35 3 , 5-dima thvl-2 . S-heptad^ enp 

(7. 2-bromo-2-butene (108 g; 0.800 mol ) was added 
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to 10.0 g of lithium (1.43 mol ) in diethyl 
ether (300 mL) in. about 30 minutes vith 
reflux. After stirring overnight (17 hours), 
ethyl-3-(N,N-dimethylamino)propionate (52. 0 
5 g; 0.359 mol) was added to the reaction 

mixture in about 15 minutes. After stirring 
for 30 minutes at room temperature 200 mL of 
water was added dropuise. After separation, 
the water phase was extracted two times with 
10 50 mL of CHjClj. The organic phase was boiled 

down and the residue was distilled at reduced 
pressure. The yield was 51.0 g (67%). 

kJ Preparation of / dimethvlaminoethyl ) tetramethyl- 

15 cvclopentadiene 

The carbinol (21.1 g; 0.10 mol) prepared as 
described under a) was added in a single portion to p- 
toluenesulphonic acid.HjO (28.5 g; 0.15 mol), dissolved 
in 200 mL of diethyl ether. After stirring for 30 
20 minutes at room temperature, the reaction mixture was 
poured out in a solution of 50 g of NajCOj-lOH^G in 250 
mL of water. After separation, the water phase was 
extracted two times with 100 mL of diethyl ether. The 
combined ether layer was dried (NajSO,), filtered and 
25 boiled down. Then the residue was distilled at reduced 
pressure. The yield was 11.6 g (60%). 

c) Preparation of ( dimethvlaminoethvn tetramethvl- 
cvclopentadienvlt itaniumf III )dichlor ide 

30 1.0 equivalent of n-BuLi (1.43 mL; 1.6 M) was. 

*added-(after-cooH-ng — to--60»C-Hto- a--solution"-of--^the 

CsMg^H(CH,)2NM©j of b) (0.442 g; 2.29 mmol) in THF (50 
mL), after which the cooling bath was removed. After 
warming to room temperature, the solution was cooled to 

35 -100*»C and then TiClj.STHF (0.85 g; 2.3 mmol) was added 
in a single portion. After stirring for 2 hours at room 
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temperature, the THF vas removed at reduced pressur 
After addition of special boiling point gasoline, the 
complex (a green solid) was purified by repeated 
washing of the solid, followed by filtration and back 
5 distillation of the solvent. It vas also possible to 
obtain the pure complex through sublimation. 

Example II 

Synthesis of (dibutylaminoethyl ) tetramethyl- 
10 cyclopentadienyltitanium(III) dichloride 
(CpWe4(CH,)2NBUjTiCl2). 



a) Preparation of ethyl 3-fN,N-di-n- 
butvl ami no) propionate 

Ethyl 3-bromopropionate (18.0 g; 0.10 mol ) 
was added carefully to di-n-butylaraine (25.8 g; 0.20 
mol), followed by stirring for 2 hours. Then diethyl 
ether (200 mL) and pentane (200 mL) were added. The 
precipitate was filtered off, the filtrate was boiled 
20 down and the residue was distilled at reduced pressure. 
The yield was 7.0 g (31%). 



b) Preparation of bis f 2>butenvl Wdi -n-butylaminoethvl W 
methanol 

^5 2«Lithiuin-2-butene was prepared from 2-bromo- 

2-butene (16.5 g; 0.122 raol ) and lithium (2.8 g; 0.4 
mol) as in Example I. To this, the ester of a) {1.6 g; 
0.031 mol) was added with reflux in approx. 5 minutes, 
followed by stirring for about 30 minutes. Then water 

30 (200 mL) was carefully added dropwise. The water layer 

va S"s epar a t ed-of f-a nd-ex t-r-ac t ed-t v i ce-wi t h-5 0- ml- of— 

CHjClj. The combined organic layer was washed once with 
50 mL of water, dried (K^CO,), filtered and boiled down. 
The yield was 9.0 g (lOOSi). 

35 

c) Preparation of f di-n -butvlaminoethvntPtramethvl-- 
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cvclopentadi ne) 

4.5 g (0.015 mol) of the carbinol of b) vas 
added dropvise to 40 mL of concentrated sulphuric acid 
of 0«C, followed by stirring for another 30 minutes at 
0°C. Then the reaction mixture was poured out in a 
mixture of 400 mL of water and 200 mL of hexane. The 
mixture was made alkaline with NaOH (60 g) while being 
cooled in an ice bath. The water layer was separated 
off and extracted with hexane. The combined hexane 
layer was dried (K,CO,) , filtered and boiled down. The 
residue was distilled at reduced pressure. Boiling 
point 110»C (0.1 mm Hg). The yield was 2.3 g (55%). 

d) Preparation of fdi-n- 

15 butyl ami noQthvl Ugtramethvlcvclo- 
pentadienvltitaniumf IIDdichloririP 

1.0 equivalent of n-BuLi (0.75 mL; 1.6 M) was 
added (after cooling to -60*>C) to a solution of the 
CjMe.HCCHjjjNBu^ of c) (0.332 g; 1.20 mmol) in THF (50 

20 mL), after which the cooling bath was removed. After 

warming to room temperature, the solution was cooled to 
-lOO^C and then TiCL^.STHF (0.45 g; 1.20 mmol) was 
added in a single portion. After stirring for 2 hours 
at room temperature, the THF was removed at reduced 

25 pressure. The purification was done as in Example I. 

Example III 

The catalyst is (dimethylaminomethyl )- 
diisopropyl-cyclopentadienyltitanium-(IIl) dichloride 
30 (CpH/Pr2(CHi),NMejTiClj). 



a. Preoarat ion of di (2-DroDvl)cvcloDentadiene 

In a double-walled reactor having a volume of 
200 mL, provided with baffles, condenser, top stirrer, 
35 thermometer and dropping funnel, 180 g of clear 50% 
strength NaOH (2.25 mol), 9.5 g of Aliquat 336 (23 
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mmol) and 15 g (0.227 mol ) of freshly cracked cyclo- 
pentadiene were combined. The reaction mixture was 
stirred tuibulently at a speed of 1385 rpm for a fev 
minutes. Then 56 g of 2-propyl bromide (0.46 mol) were 
5 added, cooling with water taking place at the same 

time. A few minutes after the addition of the 2-propyl 
bromide the temperature rose by approximately 10**C. 
Stirring then continued for 6 hours at 50*'C. GC was 
used to show that at that instant 92% of di(2- 

10 propyl )cyclopentadiGne was present in the mixture of 
di-and tr i (2-propyl )cyclopentadiene . The product was 
distilled at 10 mbar and 70°C. After distillation, 
25.35 g of di(2-propyl)cyclopentadiene were obtained. 
Characterization took place with the aid of GC, GC-JIS, 

15 ^^C-and ^H-NMH. 

b. Preparation of (dimethvlaminoethvl ) t r i (2-Dropvl 1~ 
cvclopentadiene 

In a dry 500 mL three-necked flask with a 

20 magnetic stirrer, a solution of 62.5 mL of n- 

butyllithium (1.6M in n-hexane; 100 mmol) was added 
under a dry nitrogen atmosphere to a solution of 19.2 g 
(100 mmol) of tr i isopr opyl-cyclopentadiene in 250 mL of 
THF at -60^C. After heating to room temperature (in 

25 approximately 1 hour) stirring continued for a further 
2 hours. After cooling to -60**C, a solution of 
(dimethylaminoethyl) tosylate (105 mmol) prepared in 
situ was added over a period of 5 minutes. The reaction 
mixture was heated to room temperature, followed by 

30 overnight stirring. After addition of water, the 

product— was-ext r.acXeA^.itjbL PQtr oleum ether M 0- 6 0 **C) . 

The combined organic layer was dried (NajSOJ and 

evaporated under reduced pressure. 

The conversion was 97%. The dimethylamino- 

35 ethyldiisopropylcyclopentadiene was obtained by 
distillation, with a yield of 54%. 
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c. Synthe sis of f l-(dimethvlaminnethvll-2 , 4-di f 2~ 
propyl )cvcloDentadie nvItitaniumf III ^ bichloride 
ICsHjtiPrjjCCHjjjNMejTidlljClj] 

To 8.9 g (40.3 mmol ) of (dimethylaminoethyl )- 
5 di-(2-propyl)cyclopentadiene in 100 mL of 

tetrahydrofuran in a 250 mL 3-nGcked flask, 25.2 mL of 
n-butyllithium (1.6M, 40.3 nunol ) were added dropvise. 
In a second (500 mL) 3-necked flask, 100 ml of 
tetrahydrofuran were added to 14.93 g (40.3 mmol) of 
10 Ti(III)Cl3.3THF. Both flasks were cooled to -SO^C and 
the organolithium compound was then added to the 
Ti(III)Cl3 suspension. The reaction mixture containing 
1- (dimethylaminoethyl ) -2 , 4-di (2- 

propyl)cyclopentadienyltitanium(III) dichloride was. 
15 slowly brought to room temperature, after which 
stirring was continued for a further 18 hours. 

Polymer isat ions 

The catalysts given in Examples I, II and III 

20 were methylated with MeLi in diethyl ether . 

A number of continuous streams of petrol, 
propylene, ethylene catalyst and co-catalyst were dosed 
to a 1-litr© reactor. The solution was continuously 
removed from the reactor. The catalyst was inactivated 

25 with the aid of isopropyl alcohol in a flash vessel; 
the monomers were flashed and the solution was 
stabilised with the aid of about 1000 ppra of Irganox 
1076». The polymer was analysed after further 
processing. 

30 

Analysis of the polymers " 
The composition of the polymers was 
determined with the aid of Fourier Transform Infrared 
Spectroscopy (FT~IR). The FT-IR results indicate the 
35 composition of the various monomers in weight 
percentages relative to the overall composition. 
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Th polymers prepared according to the 
Examples were analysed by means of SEC-DV. Molecular 
weight distributions were det rmined acording to the 
universal calibration principle as known from 
5 literature (see Z. Grubistic, R. Kempp, H. Benoit, J. 
Polym. Sci., part B, 5,753 (1967)). 

The intrinsic viscosity (IV) was determined 
in decaline at 135®C. 

10 The catalysts given in Examples I, II and III were 
methylated with MeLi in diethylether . 

Polymer izat ions 

Continuous streams of petrol, propylene, 

15 ethylene, catalyst and co-catalyst were dosed to a 1- 
litre reactor. The solution was continuously removed 
from the reactor. The catalyst was inactivated with the 
aid of isopropyl alcohol in a flash vessel; the 
monomers were flashed and the solution was stabilised 

20 with the aid of about 1000 ppm of Irganox 1076®. The 
polymer was analysed after further processing. 

Analysis of the polymers 

The composition of the polymers was 
25 determined with the aid of Fourier Transform Infrared 
Spectroscopy (FT-IR). The FT-IR results indicate the 
composition of the various monomers in weight 
percentages relative to the overall composition. 

The polymers prepared according to the 
30 Examples were analysed by means of SEC-DV, Molecular 

we i gh t - d i s t r.i bu t i ons„.wGr e- det e r m i ne d_ a c c o r d i ng™ t o^t h© 

universal calibration principle as described in Z. 
Crubistic, R. Rempp, H. Benoit, J. Polym. Sci., part 
B,5,753 (1967), the complete disclosure of which is 
35 incorporated herein by reference. 

The intrinsic viscosity (int. vise, or "IV 
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vas determined in decaline at 135**C. 

Examples IV-VIII 

Table 1 presents the polymerization 
5 conditions of the continuous polymerization of ethylene 
and propylene for Examples IV-VIII. This Table 
indicates: the amounts of petrol, propylene and 
ethylene, the amount of catalyst added, the amount of 
co-catalyst, the polymerization temperature and the 

10 polymerization time. 

Different catalysts have been used in the Examples: 
catalyst a is {Cp(Me)4(CH2)2NMe2)TiMe2, 
catalyst b is {Cp{Me)4(CH3)2NBu2)TiMej, and 
catalyst c is {CpH/Pr ,(CH,)2NMe3).TiMej 

15 (as they are prepared according to Examples I-III). The 
co-catalyst used in the Examples is dimethylanil inium 
tetrakispentaf luorophenylborate IHWejN-C^Hs) ]*{ (C4F5)4B]- 

The results of the continuous polymerizations 
20 according to Examples IV-VIII ace summarized in Table 
2. This Table indicates: the polymer production (yield, 
expressed in grams/hour), the catalyst activity 
(expressed in kgram polymer/gram transition metal), the 
composition of the polymer determined with the aid of 
25 FT-IR (expressed in weight percentages), the intrinsic 
viscosity of the copolyner, the number average 
molecular weight (W„)» the weight average molecular 
weight (1%,) and the absolute molecular weight 
. distribution (MVTD = Wv/Mp)' determined with the aid of 
30 SEC-DV. 

~ omenexamp 1 es~of— t-r a ns-i t-i on-me t a 1-^c ompl exes 

useful in the process according to the invention are 
presented in Table 3. 



wo 97/42241 



- 31 - 



PCT/NL97A)0243 



(/} 
z 
o 



Q 
Z 

o 
u 

< 

H 
Z 
[O 

s: 
»-t 

oc 

U] 

>c 





















o 


c 




























0 






o 






Q 




Q, 
































r-i 








V: 




00 


CO 


0 






in 


U» 


rsj 






Q, 


















































\ 






























o 


o 








5? 






















Q 


c 














(J 






Q 




























x: 






















rv» 


o 








o 








CM 


■V 






E 




O 


o 


O 


o 




ID 
















U 






O 


o 


o 


o 


o 




0) 














































u 








<0 




ij 


U 












































in 


VO 






C 










m 






<P 




n 






n 


n 


1 
































Q. 
















O 


0) 




CM 






in 


Ov 


k-i 


c 




in 


in 




o 


r> 




0) 




^0 


r» 








i-< 
















0 


J= 














w 


\ 




«N 


(N 














rsi 


O 


n 




o 


a 
















a 














IN 














































a 
















E 
















a 














M 0 


X 






> 




M 




»-( S 


U 






M 


> 


> 


> 


> n 



wo 97/42241 



32 



PCT/N 157/00243 



§ 
a: 



C 



o 
u 
z 

< 
o 

Ui 
PC 

u 
r 

G > 
2 *J 

< O 

CO O 

2 u 

o 

M U 

H X 

< H 

.H [.< 

a: O 

E CO 

>« *^ 

J CO 
O >i 

< 

X < 

o 

o 

Vl H 
H 

J ^3 
D W 

U QC 

o: 



Ui 

OQ 



r-4 x: 

0) \ 



0) 
T3 



a 

E 
(0 
X 



c 



wo 97/42241 - 33 - PCT/NL97/00243 



to 
10 
U 

u 
o 

tu 

u 

X 
H 



> 
.J 1 

O M 

w w 

LQ < 
D J 

CA £ 
U cc 
X O 

a w 

s: w 

o w 

u ^ 

< z 
t- o 

W 

r H 

2 

Z bJ 

o > 

M 

M 

7 5? 



■ o a 

O £ 

X cv 3 e 



A« *« M «i 4# 9 



a ^ ^ ^ 



-4 C >• £ 



wo 97/42Z4] 



- 34 - 



PCT/NX97/00243 



WHAT IS CLAIKED IS: 

1. A process for the preparation of an ethylene/c- 
olefin copolymer with an ethylene content of 
between 20 and 90 weight by the step of 
conducting polymerization of ethylene and at least 
one a-ol©fin under effective copolymer izat ion 
conditions at a temperature of between about lOO^C 
and about 220**C, in the presence of a catalyst 
comprising a reduced transition metal complex and 
a co-catalyst, wherein said reduced transition 
metal complex has the following structure: 

X 
I 

M - L, 
I 

K« 

wherein: 

M is a reduced transition metal selected from 
group 4, 5 or 6 of the Periodic Table of the 
Elements ; 

X is a multidentate monoanionic ligand 

represented by the formula (Ai-R^-),Y(-Rt- 

Y is a member selected from the group 

consisting of a cyclopentadienyl , amido 
(-NR'-), and phosphide (-PR'-) group; 

R is at least one member selected from the 
group consisting of (i) a connecting group 

'"-J^^tween^th^^ and the DR'^ group and 

(ii) a connecting group between the Y group 
and the Ar group, wherein when the ligand X 
contains more than one R group, the R groups 
can be identical as or different from each 
other ; 
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D is an electron-donating hetero atom selected 
from group 15 or 16 of the Periodic Table of 
El merits; 

R' is a substituent selected from the group 

consisting of a hydrogen, hydrocarbon radical 
and hetero atom-containing moiety, except 
that R' cannot be hydrogen when R' is 
directly bonded to the electron-donating 
hetero atom D, wherein when the multidentate 
monoanionic ligand X contains more than one 
substituent R', the substituents R' can be 
identical or different from each other; 

Ar is an electron-donating aryl group; 

L is a monoanionic ligand bonded to the reduced 
transition metal M, wherein the monoanionic 
ligand L is not a ligand comprising a 
cyclopentadienyl , amido (-NR'-), or phosphido 
(-PR'-) group, and wherein the monoanionic 
ligands L can be identical or different from 
each other ; 

K is a neutral or anionic ligand bended to the 
reduced transition metal M, wherein when the 
transition metal complex contains more than 
one ligand K, the ligands K can be identical 
or different from each other; 

m is the number of K ligands, wherein when the 
K ligand is an anionic ligand m is 0 for W**, 
m is 1 for and m is 2 for M**, and when K 
is a neutral ligand m increases by one for 
each neutral R ligand; 

n is the number of the R* groups bonded to the 
electron-donating hetero atom D, wherein when 
D is selected from group 15 of the Periodic 
Table of Elements n is 2, and when D is 
selected from group 16 of the Periodic Table 
of Elements n is 1; 
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q and s are the number of (-Rt-DR'„) groups and 

(Ar-R^-) groups bonded to group 

respectively, wherein q + s is an integer not 

less than 1; and 
t is the number of R groups connecting each of 

(i) the Y and Ar groups and (ii) the Y and 

DR'„ groups, wherein t is selected 

independently as 0 or 1. 

2. A process according to claim 1, wherein the Y 
group is a cyclopentadienyl group. 

3. A process according to claim 2, wherein the 
cyclopentadienyl group is an unsubsti tuted or 
substituted indenyl, benzoindenyl , or fluorenyl 
group. 

4. A process according to claim 2, wherein said 
reduced transition metal complex has the . following 
structure: 

y - R - DR'„ 
I 

M(III) - L,. 
I 



wherein: 

M(III) is a transition metal from group 4 of the 
Periodic Table of the Elements in oxidation state 
3 + . 

5. A process according to claim 2, wherein said 
reduced transition metal is titanium. 

6. A process according to claim 2, wherein said 
"erenTon^bliaTiirg^hler^^ 

7. A process according to claim 2, wherein the R' 
group in the DR*^ group is an n-alKyl group. 

8. A process according to claim 2, wherein said R 
group has the following structure: 
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wherein p is 1, 2, 3, or 4. 

9. A process according to claim 2, wherein said 
monoanionic ligand L is selected from the group 
consisting of a halide, an alkyl group, and a 
benzyl group. 

10. A process according to claim 2, wherein the Y 
group is a di-, tri- or tetraalkyl- 
cyclopentadienyl . 

11. A process according to claim 2, wherein said co- 

. catalyst comprises a linear or cyclic aluminoxane 
or a triaryl borane or tetraaryl borate. 

12. A process according to claim 2, wherein at least 
one member selected from the group consisting of 
said reduced transition metal complex and said co- 
catalyst is supported on at least one carrier. 

13. The process according to claim 1, wherein a 
copolymer with a number average molecular weight 
M„ of between 100 and 1,000,000 is prepared. 

14. The process according to claim l, wherein a 
copolymer with a number average molecular weight 
rt„ of between 100 and 30.000 is prepared. 

15. The process according to claim 3, wherein said 
copolymer is prepared at a temperature of between 
135 and 220*'C. 

16. The process according to claim 1, wherein a 
copolymer with a number average molecular weight 
M„ of between 20,000 and 100,000 is prepared. 

17. The process according to claim 16, wherein said 

copolymer— i-s~prepar-ed--at-a-temperature-of~between 

115 and IBO^C. 

18. The process according to claim 1, wherein the 
polymerization is conducted at a pressure of below 
100 MPa. 

19. The process according to claim 1, wherein the a- 
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ol fin is a roember selected from the group 
consisting of propylene, l-butene, 1-hexene, 1- 
oct ne, and any combinations thereof. 
20. The process according to claim 21, wherein the a- 
olefin is propylene. 
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